Background: Contralateral acupuncture (CAT) involves inserting needles in the meridian on the side opposite the disease location and is often used in post-stroke rehabilitation. The aim of this systematic review is to summarize and critically evaluate the evidence for and against the effectiveness of CAT for post-stroke rehabilitation as compared to ipsilateral acupuncture (IAT). Methods: Seventeen databases were searched from their inceptions through June 2010. Prospective clinical trials were included if CAT was tested as the sole treatment or as an adjunct to other treatments for post-stroke rehabilitation and compared to IAT.
Background
Stroke is one of the most common causes of death in the world. Despite the considerable benefits of organized stroke care, many stroke survivors remain moderately or severely disabled [1, 2] . In Western medicine, no single form of complementary or alternative medicine (CAM) is commonly used to manage post-stroke rehabilitation or recovery [3] . In East-Asian countries, however, acupuncture and herbal medicine are widely used [3] . A recent survey reported that 46% of stroke patients use some form of CAM such as herbal medicine, acupuncture-type treatments or chiropractic treatments [4] . Contralateral acupuncture (CAT), also called opposite needling or crossing needling, is a needling technique where acupuncture points on the right side are selected for diseases on the left and vice versa. The technique is commonly used and usually preferred to ipsilateral acupuncture (IAT) for treating post-stroke hemiplegia or sciatica [5] . Several studies have shown effects of CAT on pain [6, 7] , dizziness [8] , herpes zoster [9] , and stroke [10] .
Although poor methodological quality and possibility of publication bias limits the strength of recommendation, the most recently published meta-analysis suggests that acupuncture may be an effective treatment for post-stroke rehabilitation [11] . In practice, CAT is often used as a treatment in post-stroke rehabilitation for hemiplegic patients in East-Asian Medicine hospitals and clinics. Thus, it seems pertinent to evaluate the effectiveness of CAT in post-stroke rehabilitation. To date, no systematic review has been performed on this topic. The aim of this systematic review, therefore, was to summarize and critically evaluate the evidence for or against the effectiveness of CAT for post-stroke rehabilitation of hemiplegic patients as compared to IAT.
Methods

Databases
The following databases were searched from their inceptions through The following search terms were used: [("Contralateral acupuncture" OR "Contralateral needling" OR "Healthy side acupuncture" OR "Healthy side needling" OR "Opposite side acupuncture" OR "Opposite side needling") AND (stroke OR apoplexy OR cva OR cerebrovascular attack OR cerebrovascular accident OR cerebrovascular* OR cerebral infarction OR cerebral hemorrhage OR cerebral*). Furthermore, the references from all located articles were manually searched for additional relevant articles.
Study selection
Prospective randomized clinical trials (RCTs) comparing the clinical effects of CAT to those of IAT were included. The studies involving post-stroke hemiplegic patients who were diagnosed clinically and/or by brain computed tomography (CT) scan or brain magnetic resonance imaging (MRI), including patients with cerebral infarction, intracerebral hemorrhage, cerebral embolism, or unclassified stroke, were included. To be included, acupuncture treatment on the affected side should be compared with that on the unaffected side. Trials where concomitant treatments were given were also included if they were given to both acupuncture and control groups. No language restrictions were imposed on study selection, and dissertations and abstracts were included provided they contained sufficient detail.
Data extraction, quality control, and assessment of the risk of bias All articles were read by two independent reviewers (MKK, TYC) who extracted data from each article according to predefined criteria. The risk of bias was assessed using the assessment tool for 'risk of bias' from the Cochrane Handbook for Systematic Reviews of Interventions [12] . The following characteristics were assessed: (1) Was the allocation sequence adequately generated? (2) Was allocation adequately concealed? (3) Was knowledge of the allocated interventions adequately prevented during the study? (4) Were incomplete outcome data adequately addressed? (5) Are reports of the study free of suggestion of selective outcome reporting? (6) Was the study free of other problems that could put it at a risk of bias?. Our review used 'Y, U, N' as keys of the judgments; the answer 'Yes' indicated a low risk of bias (Y), 'Unclear' indicated that a risk of bias is uncertain (U), and the answer 'No' indicated a high risk of bias (N).
Patient blinding was assumed when the control intervention was indistinguishable from acupuncture, even if the word "blinding" was not used in the report. Given that it is virtually impossible to blind therapists to the types of acupuncture, we assessed patient and assessor blinding separately. Disagreements were resolved by discussion between the two reviewers (MSL, HL). There were no disagreements between the two reviewers about the results.
Data synthesis
To summarize the effects of acupuncture on patient outcomes as compared to baseline, we estimated weighted mean differences (WMD) or standardized mean differences (SMD) and 95% confidence intervals (CIs) for each study using the Cochrane Collaboration's software (Review Manager [RevMan] Version 5.0 for Windows. Copenhagen: The Nordic Cochrane Centre). Relative risk (RR) and 95% CIs were also calculated. The variance of change was determined using a correlation factor of 0.5. When appropriate (i.e., when excessive statistical heterogeneity did not exist), we pooled the data across studies using a random effects model. The chisquare, tau 2 and Higgins I 2 tests were used to assess heterogeneity.
Results
Study description
The literature searches identified 119 potentially relevant articles, 8 of which were included in this review ( Figure 1 ). Key data from the 8 included RCTs are summarized in Table 1 [10, [13] [14] [15] [16] [17] [18] [19] . Seven of the included trials were from China [13] [14] [15] [16] [17] [18] [19] , and one was from Korea [10] . In addition, six of the included trials [10, [13] [14] [15] [16] [17] followed a two-arm parallel group design, while two employed four-arm parallel group design [18, 19] . The devices used for treatment were either electroacupuncture (EA) [14, 15] or manual acupuncture [10, 13, [16] [17] [18] [19] .
In one trial, a big size needle, i.e. 0.4-1.6 mm × 150-500 mm, penetrating from one acupuncture point through another in CAT group was compared with IAT using filiform needles [15] . All of the included trials used CT scans and MRI to diagnose stroke. Four of the RCTs [13] [14] [15] [16] included subjects with cerebral infarction, while the other four [10, [17] [18] [19] included subjects with either cerebral infarction or intracranial hemorrhage.
Risk of Bias
Risk of bias assessment is shown in Table 1 . Three of the included RCTs described the sequence generation [17] [18] [19] and they all used proper methods [10, [17] [18] [19] . It was not clear whether group assignment was adequately concealed in any of the included trials. All of the included trials were rated as 'U' or 'N' for patient blinding. and two studies were rated as 'Y' for outcome assessor blinding [10, 18] . For incomplete outcome data reporting, one study did not clearly reported how many patients were analyzed [14] .
Outcome Measures Response rate
Six of the included trials examined the effects of CAT as compared to IAT on response rate [13] [14] [15] [16] [17] [18] . One trial showed a favorable effect of CAT [16, 18] , while the others failed to do so. A meta-analysis, however, showed that CAT had superior effects compared to IAT on response rate (n = 361; RR, 1.12; 95% CIs, 1.04 to 1.22, P = 0.005; heterogeneity: χ 2 = 2.71, P = 0.75, I 2 = 0% Figure 2A ). Subgroup analysis also showed favorable effects of CAT for patients with cerebral infarction (n = 261; RR, 1.15; 95% CIs, 1.04 to 1.27, P = 0.006; heterogeneity: χ 2 = 0.65, P = 0.88, I 2 = 0%) [13] [14] [15] [16] . Further analysis including patients with cerebral infarction and intracranial hemorrhage, however, failed to find these favorable effects (n = 100; RR, 1.11; 95% CIs 0.85 to 1.46, P = 0.43; heterogeneity: χ 2 = 1.78, P = 0.18, I 2 = 44%) [17, 18] .
Activities of Daily Living (ADL)
Three of the RCTs assessed the effects of CAT on ADL compared to IAT [10, 17, 19] . One trial showed favorable effects of CAT [17] , while the others did not [10, 19] . A meta-analysis of these studies failed to show superior effects for CAT compared to IAT with regard to ADL (n = 193; SMD, 0.17; 95% CIs, -0.20 to 0.54, P = 0.37; heterogeneity: χ 2 = 4.65, P = 0.20, I 2 = 36% Figure 2B ).
Neurological Deficit Score (NDS)
Two of the RCTs assessed the effects of EA-CAT compared to EA-IAT on NDS [13, 14] . One trial showed the significant superior effects of EA-CAT [13] , while the other one failed to do so [14] . A meta-analysis failed to show significant difference between the two methods (n = 121; WMD, 2.23; 95% CIs, -1.35 to 5.77, P = 0.22; heterogeneity: χ 2 = 2.48, P = 0.12, I 2 = 60% Figure 2C) .
Motor function
Three RCTs tested the effects of CAT for motor function on Fugl-Meyer Assessment (FMA) [17] [18] [19] . Two trials showed favorable effects of CAT [17, 18] , while the other did not [19] . A meta-analysis of these studies failed to show superior effects for CAT compared to IAT (n = 220; WMD, 6.70; 95% CIs, -0.34 to 13.73, P = 0.06) with heterogeneity (χ 2 = 20.88, P = 0.0.001, I 2 = 86% Figure 2D ).
Discussion
Few rigorous RCTs testing the effects of CAT for poststroke rehabilitation are currently available, and the existing studies do not provide much information regarding the superiority of CAT over IAT for patients with post-stroke hemiplegia. Our meta-analysis of 6 trials demonstrated that CAT may be superior to IAT in post-stroke rehabilitation [13] [14] [15] [16] [17] [18] . The total number of RCTs and total sample size included in our analysis, however, were too small to draw firm conclusions about the superiority of CAT.
Only four [13, [16] [17] [18] of the 8 RCTs evaluated here reported favorable effects of CAT compared to IAT for at least one outcome measure. A meta-analysis showed that CAT had superior effects compared to IAT on response rate in patients with cerebral infarction [13] [14] [15] [16] but failed to do so in a group of mixed patients with cerebral infarction or cerebral infarction [17, 18] . Moreover, clinical trials should follow the CONSORT guidelines.
There are many prognostic factors for post-stroke rehabilitation, including type of stroke, size of the brain lesion, interval to onset, severity of symptoms, age, gender, and past history. Few of the trials included here, however, described these factors, and none of them conducted subgroup analysis for each prognostic factor. The stroke stage (acute or chronic) was also not reported. Outcomes were measured using ambiguous scales for many of the trials, despite the fact that it is important to select published or validated measurement scales. None of the trials conducted a follow-up assessment after treatment or reported adverse events or patient acceptance of acupuncture.
In the view of East-Asian Medicine, the Yellow Emperor Neijing states that, "if someone has disease related with the left side, the treatment point is the right side, and vice versa," emphasizing the importance of treatment side [5, 20] . The clinical implications of this study may involve the selection of acupuncture points for treating stroke patients, which is thought to be one of the key issues in therapeutic effectiveness of acupuncture. In this review, there was a significant difference between CAT and IAT in terms of response rate; however, high risk of bias in the included trials prevents us from making firm conclusions. Not a single trial in our review adequately concealed group allocation and 5 out of 8 trials did not clearly reported how randomization was conducted. This raises concerns about validity of the results from these trials hence limits their applicability. In comparison of CAT with IAT in post-stroke hemiplegia, it is almost impossible to blind patients as demonstrated in our risk of bias assessment. Future trials then should pay more attention to adopting blinded outcome evaluation using validated scales rather than arbitrarily categorized response rate. One interesting finding of our review is that there was no between group difference in ADL or motor function on FMA while response rate in CAT was significantly better than IAT. It is not difficult to attribute this finding to failed blinding of included trials. Assuming that CAT is beneficial for post-stroke rehabilitation, its mechanism of action may be of interest. The postulated modes of action involve changes in brain activity according to treatment side [20] and direct effects on target organs and the central nervous system [21] [22] [23] . None of these theories, however, has been established in the literature.
This systematic review has several limitations. First, relevant RCTs may have been overlooked despite our best efforts to conduct sensitive literature searches without language restrictions. Second, all included RCTs were conducted in China and Korea, and studies from these countries are known to exhibit a very low rate of negative results [24] . In fact, the distorting effects of publication bias and location bias have been well-documented [25, 26] . Finally, the reviewed studies had a high risk of bias; therefore, the results of this review might be exaggerated. Methodological shortcomings such as inadequate allocation concealment, small sample size and inadequate blinding require further large studies that incorporate methodological rigor.
Conclusion
The results of our systematic review and meta-analysis suggest that there is limited evidence of CAT being superior to IAT in post-stroke rehabilitation. The paucity of RCTs included in our analysis, coupled with small sample size and high risk of bias, prevents us from drawing firm conclusions about the effectiveness of CAT. Future rigorous studies are required to confirm our limited findings.
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